Abstract: Postpartum depression (PPD) is one of the most common examples of postnatal morbidity, but the subsequent risks of autoimmune diseases in patients with PPD have yet to be fully investigated. This nationwide population-based study utilized data of the National Health Insurance Research Database of Taiwan for the period from 1996 to 2013. In total, 45,451 women with primiparity were identified. Among them, 542 patients with PPD were enrolled as a study group while 2165 matched patients without PPD were enrolled as a control group. The demographic characteristics and comorbidities of the patients were analyzed, and Cox regression analysis was applied to calculate the hazard ratios for the risk of autoimmune diseases. Of the 2707 women enrolled in this study, 469 (17.3%) patients with newly diagnosed autoimmune diseases were identified, including 123 (22.7%) in the PPD group and 346 (16%) in the non-PPD group. After adjusting for confounding factors, it was determined that the patients with PPD had a significantly higher risk of subsequent autoimmune diseases (adjusted hazard ratio (aHR): 1.61, 95% confidence interval (CI): 1.30-1.99; p < 0.001). Specifically, increased risks of pernicious anemia (aHR: 3.85, 95% CI: 2.06-7.22), rheumatoid arthritis (aHR: 2.62, 95% CI: 1.28-5.39), and Graves' disease (aHR: 1.57, 95% CI: 1.05-2.33) were observed in the PPD group. This study demonstrated that patients with PPD have higher risks of subsequent autoimmune diseases, especially pernicious anemia, rheumatoid arthritis, and Graves' disease. This useful information provides physicians with clues regarding the associations between autoimmune diseases and PPD.
Introduction
Postpartum depression (PPD) is a major morbidity during the perinatal period. Approximately 9% of women who have given birth suffer from PPD, a condition which has consequences for both a mother and her neonates [1] . The prompt diagnosis and treatment of PPD, however, can protect the health and quality of life of all family members. Multiple risk factors for PPD have been identified, including demographic, clinical, psychosocial, husband/marriage-related, and child-related factors [2, 3] . The frequency of primiparity is higher in patients with PPD. However, the exact pathophysiology of PPD is not fully understood. Dramatic changes in hormones and extreme mood swings are believed to contribute to PPD. In addition, immune-mediated cytokine alterations have been found to play important roles in the underlying mechanism of PPD [4] [5] [6] . A possible link between PPD and the cytokine-hormone axis has also been reported [7] . However, the entire pathogenesis of PPD remains unclear.
Autoimmune diseases are disorders arising from abnormal immune responses to a normal body part, and more than eighty kinds of autoimmune diseases have been identified. The estimated incidence of autoimmune diseases ranges from 3.2-9.4%, and the incidences and prevalence have increased significantly over the last 30 years [8, 9] . Environmental factors affect the risk of autoimmune diseases, and the pathogeneses of the various individual diseases differ [10] [11] [12] . Autoimmune diseases are significantly more prevalent in females, and sex hormones may contribute to this significant gender predilection [13] . Overwhelming hormone changes occur during pregnancy, and increased risks of autoimmune diseases have been observed in pregnant women [14] . A significantly higher risk of autoimmune diseases in the first year after delivery has also been reported [15] . As such, it is believed that women have a different level of overall risk for such diseases during the perinatal period.
Both PPD and autoimmune diseases are associated with hormonal changes, and both are prevalent during the perinatal period. An increased risk of autoimmune thyroid disease has also been noted in women with PPD (with a 19% risk found for such women versus a 5% in a control group) [16] . As such, it is possible that a link exists between PPD and autoimmune diseases. Therefore, we conducted this retrospective nationwide population-based study to investigate the association between PPD and autoimmune diseases.
Materials and Methods

Data Source and Collection
This study was approved by the Institutional Review Board of the Tri-Service General Hospital (approval number: TSGHIRB NO B-104-21.). We conducted this study using data from National Health Insurance Research Database (NHIRD) of Taiwan. The National Health Insurance program is the unique medical insurance system of Taiwan that covers 99.5% of Taiwan's 23 million residents [17] . Diagnoses included in the NHIRD are categorized according to the International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM) coding system, with all details regarding patient diagnoses and treatment-related information being included in the database [18] . The Longitudinal Health Insurance Database 2000 (LHID2000) is a sub-dataset of the NHIRD and is comprised of the data for one million people randomly selected from the NHIRD in 2000 [19] . We explored the LHID2000 and extracted information for further analysis.
Study Population
We selected participants by using the LHID2000 data covering the period from January 1996 through December 2013. The flow chart for enrollment is shown in Figure 1 . First, we identified the women with primiparity included in the LHID2000 (n = 58,421). Next, the following exclusion criteria were applied: (1) Subjects with incomplete medical records (n = 600), (2) Subjects younger than 20 years of age (n = 1540), (3) Subjects who had previous history of major depressive disorder or autoimmune disease (n = 10,830). Under Taiwanese civil law, only people who have reached twenty years of age are considered adults. We chose to include only adult women in this study with the approval of the Institutional Review Board. The index date for each participant referred to the date of delivery, and any diagnosis of depression within one year after delivery was defined as PPD (ICD-9-CM code: 296.2, 296.3, 296.5, 296.82, 300.4, 309.0, 309.1, 311, 648.4, 648.44, 780.79) Any diagnosis of major depressive disorder was made by psychiatrists who prescribed antidepressants for treatment. Women with PPD were enrolled as the PPD group (n = 542). Moreover, for each patient in the PPD group, approximately four participants matched for age and comorbidities were included in a non-PPD control group (i.e., the control group had an n = 2165). We then tracked both groups to identify those who were newly diagnosed with autoimmune diseases after the index date. The detailed diagnoses of autoimmune diseases and corresponding ICD-9-CM codes were summarized in Table S1 .
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Study Outcomes and Covariates
The key outcome was the number of newly diagnosed autoimmune diseases, with those diagnoses being made by rheumatologists or dermatologists. The incidence rate (IR) for each of the individual autoimmune diseases was also calculated. Censoring was defined as death, the dates of diagnoses of autoimmune diseases, or the end of the follow-up period. We further analyzed several variables for both groups, including age, monthly income, geographic area of residence, urbanization level of residence, and comorbidities. Age was divided into 5 groups based on five-year intervals: 20 to 24 years, 25 to 29 years, 30 to 34 years, 35 to 39 years, and ≥40 years. The monthly incomes of the 
The key outcome was the number of newly diagnosed autoimmune diseases, with those diagnoses being made by rheumatologists or dermatologists. The incidence rate (IR) for each of the individual autoimmune diseases was also calculated. Censoring was defined as death, the dates of diagnoses of autoimmune diseases, or the end of the follow-up period. We further analyzed several variables for both groups, including age, monthly income, geographic area of residence, urbanization level of residence, and comorbidities. Age was divided into 5 groups based on five-year intervals: 20 to 24 years, 25 to 29 years, 30 to 34 years, 35 to 39 years, and ≥40 years. The monthly incomes of the study participants were recorded in New Taiwan Dollars (NTD) and categorized into the following 4 income levels: <NTD 20,000, NTD 20,000 to NTD 39,999, NTD 40,000 to NTD 59,999, and ≥NTD 60,000. The different geographic areas of residence in Taiwan were divided into 4 areas: the northern region, central region, southern region, and other region (eastern and outlying islands). The urbanization levels of residence in Taiwan were classified into 4 categories. Comorbidities included diabetes mellitus, hypertension, hyperlipidemia, coronary artery disease, stroke, alcoholism, obesity (ICD-9-CM: 278), and tobacco use disorder.
Statistical Analysis
Student's t-test and the Chi-square test were used to analyze and compare the categorical demographic characteristics, including age, income, geographic area of residence, level of urbanization of residence, and comorbidities, of the PPD group and the control group. We also determined the incidence rates of the individual autoimmune diseases for both groups. Cox proportional hazards regressions were used to evaluate the relationships between PPD and subsequent autoimmune diseases, and hazard ratios (HRs) with 95% confidence intervals (CIs) were calculated. Further adjustment for potential confounders (including age, gender, income, geographic area of residence, level of urbanization of residence, and comorbidities) was performed in all models, and adjusted HRs (aHRs) were calculated. A two-sided p value <0.05 was viewed as the threshold for statistical significance. The statistical analyses were performed using the SPSS software version 19.0 (SPSS Inc., Chicago, IL, USA) and Microsoft ® SQL Server ® 2008 software (Microsoft Unternehmen, Redmond, DC, USA) for data management.
Results
In total, 58,421 women with primiparity were identified (Figure 1 ). There were 2707 study subjects who met all the inclusion and exclusion criteria; 542 of those subjects had PPD, while the other 2165 had no PPD and served as the control group. The demographic data of both groups are summarized in Table 1 . In terms of age, women aged 25-29 years and 30-34 years suffered most commonly from PPD. In terms of income, those in the lowest income category suffered most commonly from PPD. Moreover, women with PPD most commonly lived in the Northern part of Taiwan and in areas with the highest level of urbanization. Hyperlipidemia, tobacco use, hypertension, and diabetes mellitus were leading comorbidities in patients with PPD. There were no significant differences in age, income, geographic distribution, or urbanization levels between the PPD group and the control group. However, the rates of various comorbidities were significantly higher in the PPD group compared with the non-PPD group.
Overall, 469 (17.3%) of the women had at least one kind of autoimmune disease. The associations between PPD and the various autoimmune diseases (in which total n ≥ 5 in the PPD group) as determined by Cox regression analysis are shown in Table 2 in the PPD group, 123 (22.7%) of the women had autoimmune disease with 3222.7 person-years. The IR was 38.2 per 1000 person-years. In the non-PPD group, autoimmune diseases occurred in 346 (16%) of the women with 13686.5 person-years. The IR was 25.3 per 1000 person-years. The women with PPD had a higher overall risk of subsequent autoimmune diseases with an aHR of 1.61 (95% CI: 1.30-1.99, p < 0.01). Compared with the non-PPD group, the incidence rates for each of the individual autoimmune diseases were higher in the PPD group, especially those for RA, Graves' disease, and pernicious anemia. After adjusting for confounding factors, it was found that the women with PPD had significantly higher risks of RA (aHR: 2.62, 95% CI: 1.28-5.39, p < 0.05), Graves' disease (aHR: 1.57, 95% CI: 1.05-2.33, p < 0.05), and pernicious anemia (aHR: 3.85, 95% CI: 2.06-7.22, p < 0.01) than the non-PPD group. 
Discussion
PPD is an important health threat during the perinatal period; however, research studies investigating the subsequent risk of autoimmune diseases are scarce. In this large-scale cohort study, we found an increased overall risk of autoimmune diseases in women with PPD (aHR 1.61), including significantly higher risks of subsequent pernicious anemia (aHR: 3.85), RA (aHR: 2.62), and Graves' disease (aHR: 1.57). Physicians should thus remain aware of the potential for autoimmune diseases in patients with a history of PPD.
Autoimmune diseases are complex disorders with multiple pathogenic factors, and the pathogeneses of these diseases are still not completely understood. Females have a higher risk of autoimmune diseases than males, and sex hormones play important roles in the pathogenic mechanisms of autoimmune diseases [20] [21] [22] . During the peripartum period, women are more susceptible than otherwise to several kinds of autoimmune diseases and psychiatric disorders [2, 15, 23] . Women experience dramatic physiological changes during the perinatal period. Considerable increases and decreases in the levels of various sex hormones and changes in immunologic profiles are well documented [5, 20, 24] . Serum IL-6 and leukemia inhibitory factor receptor levels are significantly higher in pregnant women at the end of pregnancy than in nonpregnant women [5] . For women who have an autoimmune disease and subsequently become pregnant, pregnancy can induce amelioration of the mother's disease, such as occurs in RA, while exacerbating or having no effect on other autoimmune diseases like systemic lupus erythematosus [14] . Estrogen and testosterone are potential physiological regulatory factors for the peripheral development of CD4 + CD25 + T regulatory cells. As such, the modulation of estrogen in females (both pre-menopausal and post-menopausal) and testosterone in males can be used to treat stress-related immune imbalances that result in autoimmune diseases in both sexes [20] . Alterations of these hormones contribute to inflammatory responses in the central nervous system and increase the risk of postpartum psychiatric disorders [23] . For example, CSF IL-6 and tumor necrosis factor (TNF)-alpha levels have been found to be significantly higher during the peripartum period [4] . From this viewpoint, immune mechanisms may play a role in the etiopathology of postpartum depressive mood shifts, and PPD may be regarded as a kind of autoimmune diseases [25] . Individuals with one of the autoimmune diseases have a higher risk of developing other kinds of autoimmune diseases. Patients with PPD may thus have different levels of susceptibility to other autoimmune diseases, and the results of this study demonstrated that women with PPD do, in fact, have a higher overall risk of subsequent autoimmune diseases.
Pernicious anemia is caused by immune-mediated chronic atrophic gastritis and the malabsorption of vitamin B12 followed by destruction of parietal cells and autoantibodies against intrinsic factors [26] . Pernicious anemia is associated with many systemic diseases and is regarded as part of polyglandular autoimmune syndrome type 2, which includes such disorders as autoimmune thyroid disease, Addison's disease, type 1 DM, and vitiligo [27] . In animals with autoimmune gastritis, IL-21 and TNF-alpha are highly expressed [28] . Increased levels of TNF-alpha have also been noted in women with PPD. Furthermore, decreased vitamin B12 levels, which have also been noted in pernicious anemia, have been reported during the peripartum period [29] . Moreover, women in Iran with anemia (hemoglobin < 11 g/dl) were found to have a 4.64 times increased risk of PPD [30] . A link between PPD and pernicious anemia may thus exist, and this study also demonstrated a higher risk of pernicious anemia in women with PPD. Therefore, the aggressive evaluation of anemia and timely supplementation of vitamin B12 in women with PPD are suggested.
This study also found a significantly increased risk of RA in patients with PPD. The association between RA and PPD may be bidirectional. In patients with RA, depression is more common and is associated with poorer RA outcomes [31, 32] . In the Chinese adult population, the prevalence of depression is 48% in patients with RA, and depression is an important comorbid disease [33] . Similarly, sex hormones are thought to play crucial roles in the pathophysiology of RA, and approximately 75% of pregnancies are accompanied by amelioration of RA signs and symptoms in women with RA [14, 21] .
Further studies are required, however, to explore the detailed mechanism connecting PPD and RA. Meanwhile, physicians should pay attention to the symptoms and signs of RA in women with PPD.
Drastic changes in thyroid hormones during pregnancy are well established, and up to 23% of all new mothers experience postpartum thyroid dysfunction [34] . An association between PPD and Graves' disease has also been noticed in several studies [16, [35] [36] [37] . For example, in a Danish nationwide population-based cohort study, women with first-onset postpartum psychiatric disorders had a higher risk of autoimmune thyroid diseases than women without psychiatric disorders (incidence rate ratio = 2.16, 95% CI: 1.45-3.20) [35] . Although the underlying etiologies connecting PPD and Graves' diseases have not been completely elucidated, evaluations of thyroid function in women with first-onset PPD are suggested [38] . The value of individualized management of PPD and comorbid thyroid disease in postpartum women is also reinforced by the results of this study [39] .
This nationwide population-based cohort study showed an increased risk of autoimmune diseases in women with PPD, and the benefits of analyzing the large population-based database analyzed herein were demonstrated. However, the study also had some limitations. First, detailed laboratory data are not included in the NHIRD, such that the levels of sex hormones, inflammatory markers, T regulatory cells, pivotal deregulated cells, and other immune profiles could not be investigated. Second, the severities of PPD and autoimmune diseases were not evaluated, and the relative risks may be different in patients with different severities. Furthermore, antidepressants have been found to have immunomodulatory effects that could potentially affect the incidences of autoimmune diseases [40] . Lastly, this was a retrospective study, so further prospective studies are warranted to clarify the relationship between PPD and autoimmune diseases.
Conclusions
In conclusion, this large-scale nationwide population-based study found that women with PPD have higher risks of subsequent autoimmune diseases, especially pernicious anemia, RA, and Graves' disease. Physicians should thus strive to be aware of the symptoms and signs of autoimmune diseases in patients with PPD. In patients with PPD and anemia, the prompt evaluation of pernicious anemia and the timely supplementation of vitamin B12 are valuable. A survey of RA should be initiated in any patients with PPD presenting with the symptoms and signs of RA. Screenings of thyroid function are also suggested for women with PPD.
